Methods
We studied two groups of crossbred pigs of different ages in a manner similar to that used by Chopin 3 and Sehick 4 in dogs. Five pigs ages one to three days comprised the younger group, and five pigs ages 50 to 55 days comprised the older group. In each experiment anaesthesia was induced with halothane in 60 per cent nitroge[l and 40 per cent oxygen. Tracheal intubation was performed without the use of other drugs. A femoral artery and an external jugular vein were cannulated and an infusion of five per cent dextrose in lactated Ringers' solution was administered at a rate of 5ml-kg-t.hr -t for the duration of the experiment. Venti]ation was controlled with a volume-limited ventilator. Using frequent arterial blood gas determinations the ventilator was adjusted until the arterial PCO2 was stabilized betwccn 4.6 and 5.3 kPa (35 to 40 torr). Base deficits greater than 2mmol'l -I were corrected with sodium bicarbonate. s The inspired haiothane concentration was adjusted until a stable alveolar concentration of 0.86 -0.08 volumes per cent ( ! .4 MAC for the 50 to 55 day old pigs, unpublished data) was established. Oesophageal temperature was monitored and maintained between 37 and 39 degrees Celsius. After 60 minutes of stable anaesthesia control measurements t3f arterial blood pressure, heart rate, arterial halothane concentration, and arterial PO2, PCO2, and pH were made. Epinephrine was then administered via a peripheral vein by an infusion pump at a rate of 10 la.g.kg -~ .rain -t for ten minutes (preliminary studies had revealed that this infusion rate was required to produce arrhythmias in the 50-CAN ANAESTH SOC J 19841 31: I / pp20-23 Effects of epirtephrine on heart rate (HRt, systolic blood pressure (SBP), and rate-pressure product (RPP) in two differe~l age groups of pigs. All values are mean + SD.
to 55-day-old pigs). Continuous tracings of the lead II electrocardiogram and arterial blood pressure were made throughout the ten-minute epinephrine infusion. From these recordings systolic blood pressure (SBP), heart rate (HR), and the infusion time and epinephrine dose to the appearance of coupled PVCs were determined. HR, SBP, and rate-pressure product (RPP = SBP x HR) were compared between groups using a Student' s t-test as well as between control and after epinephrine within each group using a paired t-test.
Results
Premature ventricular contractions were not seen in any of the one-to three-day-old pigs despite the administration of 100 ~g.kg-t of epinephrine over ten minutes. All of the 50-to 55-day-old pigs developed ventricular arrhythmias with *.he dose of epinephrine (mean ---SD) to produce coupled PVC's being 9,55 ---3.8 Dxg'kg -j (mean infusion time of 57.3 seconds). The dose of epinephrine required to produce three or more consecutive PVCs in the 50-to 55-day-old pigs was 10.7 • 3.5 I~g.kg -1 (mean infusion time of 64 seconds). The difference in the incidence of ventricular arrhythmias between the two groups was significant (p < 0.02) using the Chi-square test. Control cardiovascular parameters were compared between groups (Table) . Cardiovascular changes were also compared at the appearance of PVCs in the 50-to 55-day-old group and after 57 seconds of epinephrine infusion in the one-to three-day-old group. Control heart rate was not significantly different between the two age groups. SBP and RPP were significantly greater in the 50-to 55-day-old pigs (SBP, p < 0.0005; RPP, p < 0.0005). Epinephrine significantly increased heart rate (p < 0.025), SBP (p < 0.0125), and RPP (p < 0.0005) in the 50-to 55-day-old pigs. Epinephrine also increased SBP (p -< 0.0005) and RPP (p < 0.0025) but decreased heart rate (p < 0.05) in the one-to three-day-old pigs.
Discussion
The results of this study confirm in the pig the clinical impression that age-related differences exist in the arrhythmogenicity of epinephrine during ha]othane anaesthesia.
Since MAC is higher in younger animals than older animals it could be argued that the one-to three-day-old pigs were not anaesthetized as deeply as the 50-to 55-day-old pigs. One would, however, speculate that light anaesthesia would give rise to more arrhythmias due to sympathetic nervous system stimulation. This did not occur. If the 50-to 55-day-old pigs were more deeply anaesthetized, it would be expected that less arrhythmias should occur. We selected an equal anaesthetic concentration for both groups so the hearts would be exposed to similar halothane concentrations.
Although this study was not designed to delineate the mechanism of the arrhythmias, certain speculations can be made. Zink found that both an elevated blood pressure and an elevated heart rate can induce PVCs. 7 Therefore, the lower blood pressure of the one-to three-day-old pigs would be expected to result in a lower incidence of arrhythmias. 8"l~ Although we did not measure awake blood pressures in our animals, our values are similar to blood pressures found in other studies during anaes-thesia, i 1,12 Previously reported systolic blood pressures for conscious one-to three-day-old pigs was 70 torr.a3 Our one-to three-day-old pigs were not, therefore, significantly hypotensive.
The two primary mechanisms of ventricular arrhythmias are re-entry and increased automalicity. From our protocol no conclusions can be made concerning automatieity, Some inferences can be made about re-entry. It has been suggested that re-entry is the most likely cause of epinephrine induced arrhythmias during halothane anaesthesia. Epinephrine potentiates the slowing of ventricular conduction produced by halothane and consequently enhances the potential for re-entry. TM Buckley showed in pigs less than one week old that the effect of epinephrine was predominantly alpha adrenergic with both peripheral and myocardial beta adrenergic mechanisms being immature. ~~ This may explain why the heart rate of the one-to three-day-old pigs did not increase in response to epinephrine. The lack of arrhythmias in the one-to three-day-old pigs may also be related to the smaller size of their hearts, Re-entry excitation requires a critical length of the conduction pathway. The hearts of the one-to three-day-old pigs may not have a conduction pathway that achieves critical length.
Younger animals are more susceptible to the myocardial depressant effects of halothane.t5 It would be anticipated that increased myocardial depression would decrease the likelihood of epinephrine arrhythmias.
The dose of epineph_rine required to induce PVCs in the 50-to 55-day-old pigs (9.55 --3.8 l.zg-kg -1) was considerably higher than the 3.5 p,.kg -t required in Sehick's study which used adult dogs, This difference may be secondary to either species variation or could be a further manifestation of an age effect. The adult dog is physiologically older than the 50-to 55-day-old pig. The dose of epinephrine required in our study with pigs was not substantially different from that reported in human children by Karl et al. J6 They reported infiltrated doses of 15.71xg'kg -~ of epinephrine without arrhythmias. For comparison Johnston reported an arrhythmogenic epinephrine dose of 2.1 p,g.kg -1 during halothane anaesthesia in human adults. 17 The pig may indeed be a better model than the dog for comparison to humans. 18 This study substantiates the clinical observation that there is an age-related difference in the susceptibility to epinephrine induced arrhythmias during halothane anaesthesia. Further studies are required to elucidate the mechanism for this difference,
